indicates that the unconfined aquifer is characterised by a low porosity.
INTRODUCTION
Water levels in aquifer are an important parameter in groundwater hydrology and a careful and detailed analysis of its spatio-temporal variation reveals useful information on the aquifer system. Among various causes affecting the groundwater levels are groundwater withdrawals, rainfall recharge, evapo-transpiration, interaction with surface water bodies etc.
Ocean tides are also known to affect the groundwater fluctuation in the coastal aquifers.
The water levels measured in a well located in an unconfined hard rock aquifer, located far away from the sea are characterised by cyclic fluctuations. Knowing that fluctuations due to evapo-transpiration cycles appear only in very shallow aquifers and are consequently not relevant in the studied case, these fluctuations can be due to two different factors. The first one is anthropogenic. It is well known that the groundwater withdrawal from an aquifer or from a field of wells induces water level decline creating a cone of depression depending, among other parameters, on the aquifer hydrodynamic parameters and geometry. But, after the pumping is stopped, the level starts coming up due to recuperation to attain equilibrium. This gives a sort of cyclic fluctuation if the pumping follows a regular interval and the levels are recorded continuously.
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The second cause able to induce daily water level fluctuations is the earth tides.
Actually, the effect of earth tides has been be observed in the groundwater level fluctuation of an aquifer, if monitored continuously or at a shorter interval [1, 2, 3] . The dilatation of the Earth due mainly to the position of Moon and Sun induces measurable water level fluctuations in the well. The effects of earth tides can be observed in "most wells completed in a well-confined aquifer", according to [1] , and in aquifers that have "low porosity" and are "relatively stiff", according to [4] .
A time series of water levels, gravity field fluctuations due to earth tides and water pumping cycles have been studied using spectral analysis to identify the principal cause affecting the water levels in the studied well.
WATER LEVEL OBSERVATIONS
The observations of water level fluctuations have been taken from a well located in the NGRI-campus in Hyderabad (figure 1), in a hard-rock region, using a data logger from 1 amplitude waves have an effect on the aquifers. Melchior [3] indicates that five large main waves are responsible for almost 95% of water level fluctuations observed in wells. These waves can be divided into two groups: tesseral waves of daily period and sectorial waves of semi-daily period (table 1) .
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6/12 The only water pumping present in the neighbourhood of the observation well is located at 215 m to the Southwest (figure 1). Groundwater pumping is of variable duration everyday in the well. centimetres. The amplitude of water level fluctuations was used by [5] applying the theory of [1] to determine the storage coefficient of the aquifer.
SPECTRAL ANALYSIS
A preliminary observation of the studied signals tends to show that the water level fluctuations are better correlated with earth tides than with water pumping. This statement is verified by spectral analysis.
A filter must be applied on the water level data to enhance interesting components and remove the ones that hide the cycles of interest. In the studied case, the trend corresponding to the monsoon recharge needs to be removed as seen at figures 2 and 3. As proposed by [5] according to [6] , the trend can be removed using a first order differencing calculating the
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punctual increase of the time data series. Given X(t) a time data series, the differentiated Y(t) is computed as following:
This method conserves the structure and the amplitude of phenomena while removing the trend [5] . The data used below have been filtered using this method.
The computation of the power spectrum allows identification of the frequencies of a periodic signal. For a given signal, the power spectral density is high for the frequencies that characterise this signal and is low for other frequencies. Thus, as an example, the power spectral density of a periodic signal with three cycles at frequencies, say f 1 , f 2 and f 3 will be characterised by three peaks at the frequencies f 1 , f 2 and f 3 . The relative power spectral density was computed for the synthetic earth tides, filtered water level observations and water pumping data ( Figure 5 ). While the power spectral density of water pumping is different, that of water levels and earth tides are similar with two peaks appearing at frequencies f 1 and f 2 . They are described in Table 2 . The periods of these cycles correspond exactly to the daily tesseral waves O 1 and K 1 and to the semi-daily sectorial waves N 2 and M 2 . The amplitude function expresses, for each frequency, the magnitude of the inputoutput relation. Usually, only relations between input and output for frequencies where amplitude of covariance is high can be interpreted. For other frequencies, a low covariance indicates that there is no input-output relation. In this case (figure 6), the high value of amplitude at frequencies f 1 and f 2 confirms that there is a relation between earth tide (as input) and water level (as output) fluctuations. This is not the case for pumping and level fluctuations. hour. This is the delay in the reaction of the aquifer to the earth tide depending on hydraulic conductivity and storage coefficient of the aquifer [7] . Various scientific approaches exploit this dependence to determine the hydraulic parameters of an aquifer using the response of water level to earth tides [5, 7, 8, 9] . Spectral analysis has shown that there is a direct linear relation between earth tides and water level fluctuations in the studied well. The observation of such fluctuations in this hard-rock aquifer apparently unconfined implies that the aquifer is characterised by a low porosity.
